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Introduction
• Effective temporal reasoning is crucial for Large Language Models 
(LLMs) to process and comprehend complex events with human-like 
understanding, particularly in applications requiring integration of 
historical data and real-time progress tracking. LLMs still face 
challenges in managing temporal understanding in reality.

• 3 key complex challenges for temporal reasoning in real-world context.
• Intensive temporal knowledge information
• Rapid evolution of event details over time
• Complexity of temporal dependencies in social interactions

• However, existed benchmarks, like TimeBench and TRAM primarily focus on 
simplified scenarios, such as basic temporal commonsense and relationships 
within short texts and simple QA tasks. 

2



Introduction
• Temporal reasoning constitutes a hierarchical framework of fine-
grained abilities, which is also different from other reasoning tasks that 
focus on singular capabilities, but is still ignored by current works. 
• TReMu involves only neuro-symbolic temporal reasoning while neglecting 
temporal computation.

• TCELongBench overlooks fundamental temporal concept understanding. 

• In contrast, a robust evaluation framework should encompass both basic 
temporal abilities and complex event-event temporal reasoning, necessitating 
the development of a new comprehensive benchmark. 

• We propose TIME, a multi-level comprehensive benchmark for 
evaluating temporal reasoning in LLMs across diverse real-world 
scenarios, comprising 38,522 instances. And we select a subset TIME-
Lite for future works. 
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Dataset Overview
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Dataset Construction
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Dataset Construction——Dataset Statistics
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Experimental Setup
• 24 Models 

• Vanilla models (non-reasoning models)
• Qwen2.5 series (instruct mainly, and base for TIME-Wiki)
• Llama-3.1-8B-Instruct 
• Deepseek-V3
• GPT-4o

• Test-time scaled models (reasoning models)
• R1-Distill models (Qwen, Llama)
• Deepseek-R1
• OpenAI o3-mini

• Metrics
• For single/multi-choice QA: option-level F1 score (macro)
• For Free-form: token-level F1 for all tasks (except for Timeline task). Token-
level EM for Timeline task.

• Greedy Search for all models
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Experimental Results——TIME-Wiki
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Experimental Results——TIME-News
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Experimental Results——TIME-Dial
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Results and Analysis——Real-world Scenario 
Analysis
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• Complex dynamic events constrain models’ ability to comprehend 
basic temporal relationship and construct coherent timelines. 



Results and Analysis——Real-world Scenario 
Analysis
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• Knowledge intensive events makes it challenging for capturing 
complex temporal expression and relationship. 



Results and Analysis——Real-world Scenario 
Analysis
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• Very-long multi-session dialog impairs the capability of time retrieval 
and event-time localization. 



Results and Analysis——Temporal Reasoning Tasks 
Analysis
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• Time retrieval ability is significantly correlated with almost all aspects 
of temporal reasoning tasks. 



Results and Analysis——Temporal Reasoning Tasks 
Analysis
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• Grasping timeline over multiple events is much challenging for long-
range contexts. 



Results and Analysis——Impact of Test-time Scaling 
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• Test-time scaling benefits temporal logical reasoning.
• Experimental results demonstrate that Deepseek-R1-Distill-Qwen-14B 
significantly outperforms Qwen2.5-14B-Instruct in temporal reasoning tasks 
such as Order Compare and Duration Compare, as well as in handling complex 
temporal-event relationships in the Counterfactual task, achieving performance 
improvements of 24.44%, 11.33%, and 12.0% respectively on the TIME-Dial 
dataset. 

• Our analysis further reveals that advanced test-time scaled models, including 
o3-mini and Deepseek-R1, consistently outperform their non-reasoning 
counterparts in logical reasoning-based tasks, demonstrating the effectiveness 
of test-time scaling in enhancing complex reasoning capabilities. 



Results and Analysis——Impact of Test-time Scaling 
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• Test-time scaling is not consistently effective for time retrieval and 
event localization. 
• Experimental results reveal significant performance variations of test-time 
scaling models across different datasets. 

• On TIME-Wiki, Deepseek-R1-Distill-Qwen-14B underperforms Qwen2.5-14B-
Instruct by 3.36% and 8.16% in Extract and Localization tasks respectively. 



Results and Analysis——Impact of Test-time Scaling 
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• Test-time scaling is not consistently effective for time retrieval and 
event localization. 
• Experimental results reveal significant performance variations of test-time 
scaling models across different datasets. 

• Conversely, on TIME-Dial, it achieves a 1.55% improvement in Extract but 
suffers a 12.49% decline in Localization. 



Results and Analysis——Impact of Test-time Scaling 
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• Test-time scaling is not 
consistently effective for time 
retrieval and event localization. 
• Experimental results reveal 
significant performance variations of 
test-time scaling models across 
different datasets. 

• This discrepancy stems from the 
temporal information retrieval 
mechanism of test-time scaled 
models: their systematic context 
traversal strategy benefits multi-
session dialog scenarios but may 
lead to overthinking cycles after 
retrieval errors, hindering error 
correction.



Results and Analysis——Impact of Retrievers in TIME-
News 
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• Taking GPT-4o as an example, its performance with the Hybrid 
retriever is over 10% lower than with BM25 and Vector retrievers in the 
Timeline task.



Results and Analysis——Impact of Retrievers in TIME-
News 
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• Similarly, a 10% performance gap exists across different retrievers in 
the Order Compare task.  



Results and Analysis——Impact of Retrievers in TIME-
News 
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• This finding suggests that accurate temporal fact retrieval is crucial for 
processing dynamic information, directly affecting the effectiveness of 
complex event reasoning. 



Results and Analysis——Impact of Retrievers in TIME-
News 
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• Notably, in Explicit Reasoning and Order Reasoning tasks, the 
performance differences among models under the same retriever 
setting are significantly reduced, indicating that the retriever plays a 
dominant role in temporal reasoning for these tasks, even 
overshadowing the inherent capabilities of different models. 



Conclusion
• TIME Benchmark and TIME-Lite
• Analysis on 

• the performance impact of 3 real-world scenarios
• The performance across different tasks
• How test-time scaling impacts the temporal reasoning
• The impact of retriever

• Limitation
• Only RAG settings in TIME-News
• Limited case study: 

• Especially for scenario analysis
• Limited experiment results of advanced models on TIME
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